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The 130-kDa Glycoform of CD43 Functions as an
E-Selectin Ligand for Activated Th1 Cells In Vitro and
in Delayed-Type Hypersensitivity Reactions In Vivo
Pilar Alcaide1, Sandra L. King2, Charles J. Dimitroff2, Yaw-Chyn Lim3, Robert C. Fuhlbrigge2 and
Francis W. Luscinskas1
Selectins are carbohydrate-binding molecules involved in constitutive lymphocyte homing and chronic and
acute inflammation processes. Th1 lymphocytes participate in cell-mediated inflammatory reactions, where the
selectins play a role and predominate in delayed-type hypersensitivity (DTH) reactions of the skin. Of the many
candidate ligands for selectins, only P-selectin glycoprotein ligand 1 (PSGL-1), which also acts as an E-selectin
ligand, has been characterized extensively at molecular, cellular, and functional levels on T cells. Here, we report
that the glycosylated form of CD43 expressed in Th1 cells is a functional E-selectin-specific ligand in vitro.
Furthermore, we have generated PSGL-1//CD43/ double-deficient mice (double knockout (DKO)) to
demonstrate the relevance of CD43 as an E-selectin ligand in vitro and in vivo. Under flow conditions, DKO Th1
cells exhibited impaired E-selectin binding as compared with wild-type, PSGL-1/, or CD43/ Th1 cells. DKO
mice also showed diminished ear inflammation in response to dinitrofluorobenzene-induced DTH that
correlated with a reduced number of T cells in infiltrates in the challenged ear. These results demonstrate that
both PSGL-1 and CD43 are major E-selectin ligands and are likely to be important during leukocyte recruitment
in the development of inflammatory reactions.
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INTRODUCTION
The recruitment of leukocytes from the bloodstream to sites of
injury or infection is a multi-step process regulated by a
cascade of molecular interactions between leukocytes and
endothelial cells. The initial contact of leukocytes with the
activated endothelium involves rapid and transient interac-
tions that initiate rolling on the surface of endothelial cells
under blood flow. These interactions are mediated by the
selectin family, which consists of three members expressed
by endothelial cells (P-selectin and E-selectin), leukocytes
(L-selectin), and platelets (P-selectin) (Tedder et al., 1995;
Kansas, 1996; McEver, 2002). There are many candidate
ligands for selectins, but only P-selectin glycoprotein ligand 1
(PSGL-1), which binds all three selectins in vivo, has been
characterized at the molecular, cellular, and functional level
(McEver, 2002).
In addition to PSGL-1, which was first found to be a
physiological ligand for E-selectin in Th1 cells (Hirata et al.,
2000; Xia et al., 2002), several putative glycoprotein selectin
ligands have been isolated from hematopoietic cells by
in vitro affinity purification techniques (Steegmaier et al.,
1995; Dimitroff et al., 2001); however, the exact identity and
contribution of physiological E-selectin ligands on T-cell
subsets is unknown. More recently, CD44 has been identified
as a physiological E-selectin ligand on neutrophils (Katayama
et al., 2005), and CD43 on CLAþ human T cells and on
activated murine Th1 cells (Matsumoto et al., 2005;
Fuhlbrigge et al., 2006). However, the ability of these
glycoprotein ligands identified to date to support physiolo-
gically relevant interactions with E-selectin in vivo has not
been determined with certainty.
T cells traffic through secondary lymphoid organs, where
they encounter antigen that induces their activation, differ-
entiation toward Th1/Th2 effector cells, and clonal expansion.
Th1 cells, owing to their expression of post-translationally
modified selectin ligands, have high extravasation potential
and accumulate at sites of contact hypersensitivity or delayed-
type hypersensitivity (DTH) reactions (Austrup et al., 1997).
CD43 was recently identified as an E-selectin ligand in
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Th1-activated T cells, although its relevance to inflammation
in vivo has yet to be examined (Matsumoto et al., 2005).
CD43 is a highly glycosylated surface protein expressed by
most hematopoietic cells, including T cells. It exists in two
isoforms a 115-kDa form expressed on resting T cells, and
upon activation, a 130-kDa form (glycoCD43) produced by
changes in O-glycosylation due in part to upregulated
expression of core 2 N-acetylglucosaminyltransferase (Ellies
et al., 1994; Jones et al., 1994). CD43 has multiple and
complex functions, some of which are directly contradictory.
For instance, both adhesive and anti-adhesive roles in T-cell
trafficking have been attributed to CD43 (Manjunath et al.,
1995; Stockton et al., 1998). How CD43 mediates opposing
functions remains unclear.
Here, we report that both PSGL-1 and CD43 are major
ligands for E-selectin in Th1 cells both in vitro and in vivo.
We have used biochemical and biofunctional blot rolling
assays to identify glycoCD43 as the dominant candidate in
the absence of PSGL-1. We have also generated mice
deficient in both PSGL-1 and CD43 (PSGL-1//CD43/ or
double knockout (DKO)) to assess their relevance during
T-cell recruitment and showed that DKO Th1 cells have
impaired E-selectin binding under flow conditions when
compared with either wild-type, PSGL-1/, or CD43/
mice. Furthermore, the data show that T-cell trafficking to the
inflammation site induced in a DTH response is also
significantly diminished in DKO mice. Our findings confirm
that CD43 is a functional ligand for E-selectin in activated T
cells in vitro and demonstrate for the first time the relevance
of this new E-selectin ligand in vivo in mediating activated
T-cell migration during inflammation.
RESULTS
Th1 cells express a functional E-selectin ligand independent
of PSGL-1 corresponding to a 130-kDa protein
The ability of wild-type and PSGL-1-deficient Th1 cells
(PSGL-1/) to interact with selectins was compared under
flow conditions using a flow chamber and immobilized
E- and P-selectin as receptors. Binding of PSGL-1/ Th1 cells
to P-selectin was negligible, whereas binding to E-selectin
resulted in a 30% reduction as compared with that of
wild type (Figure 1), confirming that PSGL-1 is not the only
major ligand for E-selectin (McEver and Cummings, 1997;
Vestweber and Blanks, 1999; Hirata et al., 2000) and strongly
suggesting that Th1 cells express other E-selectin ligands that
mediate interactions under shear flow conditions.
To identify E-selectin ligands on Th1 cells that are
functional and independent of PSGL-1, we prepared lysates
from PSGL-1/ Th1 cells and screened them for ligand
activity using a blot rolling assay that detects selectin-
mediated interactions with cellular proteins immobilized on
Western blots. This technique supports rolling of Chinese
Hamster ovary (CHO) cells expressing E- or P-selectin at high
shear levels when the proteins from Th1 cells immobilized in
the blot are present in sufficient quantity. This analysis
revealed a main reactive band at 130 kDa that was specific
for E-selectin rolling in a calcium-dependent manner
at all shear stresses tested (Figure 2a and c, field of view 7).
A less reactive band at B100 kDa (corresponding to field of
view 9) also showed some E-selectin-specific rolling activity
at the lowest shear tested (0.4 dyn/cm2), indicating the
presence of another putative ligand with less affinity for
E-selectin (Figure 2b).
GlycoCD43 immunoprecipitated from PSGL-1/ lysates
supports E-selectin-specific rolling under flow conditions
Based on this screening and on previous work by Matsumoto
et al. (2005), we took a candidate approach and selected
glycoCD43 as the 130-kDa protein candidate expressed on
Th1 cells responsible for the observed functional E-selectin
rolling activity (see Figure 2a). To test this, we immunopreci-
pitated CD43 from PSGL-1/ Th1 lysates and analyzed the
product under shear flow by both blot rolling and antigen
capture assays. GlycoCD43 immunopurified from Th1 cell
lysate migrated as a band of 130 kDa (Figure 3a). Blot rolling
analysis (Figure 3b) and antigen-capture assays where
the immunopurified material was immobilized to plastic
(Figure 3c), showed that immunopurified glycoCD43 has
calcium-specific E-selectin ligand activity but not P-selectin
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Figure 1. Th1 cells express an E-selectin ligand independent of PSGL-1 that
is functional under flow conditions in vitro. The data represent the
accumulation of wild-type (WT) and PSGL-1/ Th1 cells on glass coverslips
coated with recombinant (a) E-selectin (10 mg/ml) or (b) P-selectin (2mg/ml)
under three different conditions of shear stress. Data are mean7SD values
from six separate experiments.
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ligand activity at all shear stresses tested. This was further
confirmed by using Th1 cells from CD43-deficient mice
(CD43/) and a similar approach that involved PSGL-1
immunoprecipitation and analysis of the products by Western
blot and blot rolling analysis. PSGL-1 migrates in non-reducing
SDS-PAGE as a band of B240 kDa (Figure 4a). After PSGL-1
immunoprecipitation, the supernatant from the Th1 lysate
(supernatant CD43//PSGL1/ Th1) has no remaining PSGL-
1 (Figure 4b). E- and P-selectin rolling activities were observed
only at the field of view corresponding to immunopurified
PSGL-1 from CD43/ Th1 lysates (field of view 2) and it was
calcium-dependent in both cases. In contrast, when the assay
was performed in the supernatant that lacked both PSGL-1 and
CD43 (CD43//PSGL1depleted), E- and P-selectin rolling
activities were not detected (Figure 4c).
T cells from PSGL-1//CD43/ double-deficient mice (DKO)
show strongly diminished E-selectin binding activity under
flow conditions
Next, we generated mice deficient in both PSGL-1 and CD43
(DKO) and isolated Th1 cells to test their binding to E- and
P-selectin under flow conditions. The ability of Th1 cells from
these mice to interact with E-selectin under flow conditions
was diminished at the two different shear stresses tested, as
compared with wild-type or Th1 cells singly deficient in either
PSGL1 (PSGL-1/) or CD43 (CD43/). Removal of CD43
alone did not affect E-selectin binding, whereas in combina-
tion with the removal of PSGL-1, E-selectin interactions were
significantly reduced by 50–60% as compared with wild-type
Th1 cells, and by 20–25% as compared with PSGL-1/ Th1
cells. As expected, the Th1 cells of DKO mice or PSGL-1/
mice did not interact with P-selectin. However, CD43/ cells
showed increased binding to P-selectin (Figure 5a and b).
DKO Tc-1 cells, a different subtype of activated CD8þ T cells,
also showed significantly reduced binding to E-selectin and
failed to bind to P-selectin. Interestingly, the CD43/ Tc1
cells also showed an increased binding to P-selectin, although
the observed increase did not reach statistical significance
(Figure 5c and d).
PSGL-1//CD43/ double-deficient mice show diminished
DTH responses in vivo
Our data up to this point indicate that CD43 is a functional
E-selectin ligand for T cells in vitro. DTH responses are
mediated by infiltrating T cells, especially of the Th1 subtype,
in response to previously encountered antigens, resulting in
specific inflammation at the site of local challenge. This
T-cell recruitment is dependent on both E- and P-selectin,
among other adhesion molecules (Austrup et al., 1997). To
determine the relevance of CD43 as an E-selectin ligand
in vivo, we assessed T-cell recruitment in a DTH model using
single PSGL-1/, CD43/, and DKO mice. The DTH
response of mice immunized with dinitrofluorobenzene
(DNFB) at days 0 and 1, and challenged locally on the right
ear on day 5 was diminished, as measured by ear swelling at
day 6, in comparison with that of wild-type mice or mice
singly deficient in either PSGL-1 or CD43 (Figure 6a).
We determined whether the reduced DTH response in
DKO mice was due to local T-cell infiltration into the
challenged ear by homogenizing ear tissues and subjecting
the homogenate to Western blot analysis for detection of
CD3. CD3 in the challenged ear was significantly reduced in
DKO mice compared with wild-type, PSGL-1/, and
CD43/ mice (Figure 6b). This is in agreement with the
reduction in ear swelling seen in the figure. Furthermore, we
have quantified the lysates for changes in other leukocyte
types, such as CD4þ T cells and neutrophils (as detected by
myeloperoxidase). Both of these cell types showed dimin-
ished trafficking in the challenged ears of DKO mice using
appropriate markers that have been used previously to detect
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Figure 2. E-selectin-mediated interactions with cellular proteins from PSGL-1/ Th1 cells under flow conditions. (a) PSGL-1/ Th1 lysates (50 mg) were
separated by molecular mass under non-reducing conditions, immobilized on Western blots, and stained with 1B11 antibody to detect glycoCD43. High-range
(left) and full-range (right) molecular-mass markers are included in the flanking lanes of each blot. The blot was assayed for functional E-selectin ligand activity
by blot rolling analysis. (b) Screening of the blot showing cells per unit area ( 10 objective) in overlapping fields of view extending from 250 to 40 kDa
(identified alongside blot image in (a)) at 0.4 dyn/cm2 of shear stress. A protein of 130-kDa (field of view 7) has high E-selectin-specific rolling activity, and a
protein of 100-kDa (field of view 9) has minor E-selectin-specific rolling activity. (c) E-selectin ligand activity observed on the 130-kDa band (field of view 7)
at increasing shear stress (black bars) was calcium dependent (EDTA, white bars) and specific (P-selectin, gray bars). Data represent mean7SD of three
separate experiments and are representative of 3–4 separate determinations on each band.
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these cell types (Figure 6c). Histology sections of the ears
stained with hematoxylin and eosin showed decreased ear
swelling in DKO compared with those of wild-type or mice
singly deficient in PSGL-1 or CD43 (Figure 6d).
DISCUSSION
Our results clearly support a role for CD43 as a functional
ligand for E-selectin, both in vitro and in vivo, and its
involvement in inflammatory response related to T-cell
trafficking. A 130 kDa protein from Th1 cells, corresponding
to the glycosylated form of CD43, as shown by blot rolling
and antigen-capture assays, acts as an E-selectin ligand
in vitro. Furthermore, the relevance of CD43 as an E-selectin
ligand in the absence or presence of PSGL-1 and its
involvement in T-cell-mediated inflammation has been
demonstrated for the first time in vivo in PSGL-1/ and
CD43/ (DKO) mice generated in our laboratory: Th1 cells
from DKO mice exhibited reduced E-selectin binding (and
no binding to P-selectin); the DTH response is significantly
reduced.
Our data confirm the existence of E-selectin ligands other
than PSGL-1 as suggested in previous studies with PSGL-1/
mice on E-selectin binding with neutrophils (Yang et al.,
1999; Zanardo et al., 2004; Katayama et al., 2005) and T cells
(Hirata et al., 2000; Matsumoto et al., 2005). In fact, a
considerable number of Th1 cells from PSGL-1/ mice bind
to E-selectin in our in vitro experiments under flow conditions
(Figure 1). Furthermore, we were able to observe in real-time
E-selectin-mediated interactions with a 130 kDa protein from
PSGL-1/ Th1 cells immobilized on Western blots (Figure 2).
This molecular mass corresponded to that of the core-2
glycosylated form of CD43 (Fukuda and Carlsson, 1986)
obtained by immunoprecipitation from PSGL-1/ Th1 cells,
and showed E-selectin but not P-selectin-specific rolling
(Figure 3). Previous studies have used a CD43-Ig chimera as a
binding substrate for E-selectin to show the ability of CD43 to
bind to E-selectin (Matsumoto et al., 2005). We extend these
finding to show for the first time the functionality of
glycoCD43 directly purified from Th1 cells in establishing
rolling interactions with E-selectin. Some minor E-selectin-
specific rolling activity was observed for a 100 kDa protein,
tentatively considered as CD44, which has been previously
described as a major selectin ligand in neutrophils (Katayama
et al., 2005), and is also expressed on Th1 cells (Bonder et al.,
2006). However, our results clearly show that the 100 kDa
species is not a major ligand for E-selectin in vitro, as the
E-selectin-specific rolling activity supported by this ligand is
very low as compared with that of the 130-kDa protein
resulting from glycosylation of CD43.
Our blot rolling studies carried out on Th1 lysates from
CD43/ mice and depleted of PSGL-1, confirm the function
of both CD43 and PSGL-1 as major E-selectin-specific ligands
(Figure 4). Interestingly, this conclusion is further supported
by adhesion studies on immobilized E-selectin using Th1
cells from DKO animals (Figure 5). In studies performed with
CD43/ mice, CD43 has been shown to play a dual role
during leukocyte–endothelial interactions as an adhesive
(McEvoy et al., 1997a, 1997b) and antiadhesive (Manjunath
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Figure 3. E-selectin-specific mediated rolling on immunoprecipitated
GlycoCD43. (a) Aliquots of lysate (300–450 mg) from PSGL-1/ Th1 cells
were immunoprecipitated with 1B11 plus sc-7054 antibody to glycoCD43 or
the isotype control (data not shown) using protein A-G PLUS Agarose beads.
Three rounds of immunoprecipitation resulted in complete clearance of CD43
from the lysate (data not shown). Immune complexes were subjected to
SDS-PAGE and Western blotting for glycoCD43 under standard non-reduced
conditions as described in Materials and Methods. Molecular-mass markers
are included in the flanking lanes of each blot. Representative Western blot
stained for glycoCD43 is shown. (b) CHO-E (in the presence or absence of
EDTA) or CHO-P cells were drawn and shear stress was increased
sequentially. CHO-E cells (black bars) showed specific rolling activity in
the immunoprecipitated glycoCD43 at the different assayed shear stresses.
CHO-P or CHO-E in the presence of EDTA did not roll on glycoCD43.
(c) Immune complexes obtained as in (a) were directly immobilized on plastic
and the flow chamber was placed on top and filled with CHO-E (in the
presence or absence of EDTA) or CHO-P cells that were drawn at increasing
shear stresses. Cell number is represented after substracting the background
corresponding to cells rolling on lysates immunoprecipitated with the
isotype control rat-Ig-G (1076 cells/mm2). Results shown are the mean7SD
of four different experiments and two separate determinations on each blot
or antigen captured in plastic.
www.jidonline.org 1967
P Alcaide et al.
GlycoCD43 Is a Functional E-Selectin Ligand on T Cells In Vivo
et al., 1995) molecule due to attributes such as the highly
negatively charged extracellular domain and susceptibility to
post-translational modifications (Woodman et al., 1998).
Neither proadhesive nor antiadhesive properties could be
inferred from the binding assays we carried out with CD43/
Th1 cells on immobilized E-selectin under flow conditions
unlike the results previously described in other systems
(Manjunath et al., 1995; Woodman et al., 1998). In our
experiments, Th1 binding to E-selectin was not modified.
However, we did observe enhanced adhesion of CD43/
Th1 cells to P-selectin, which supports the idea that of a small
but significant antiadhesive role for CD43 in P-selectin–PSGL-
1 adhesion pathway on Th1 cells but not Tc1 cells. It remains
possible that CD43 expressed by other T-cell subsets may
interact with other ligands, in addition to E-selectin. This may
arise because of the ability of various T-cell subsets to
differentially glycosylate CD43. Conversely, differential
glycosylation may also result in an antiadhesive effect,
similar to what we have observed for the P-selectin–PSGL-1
pathway. Future studies are necessary to sort out these
possibilities.
However, Th1 cells from DKO mice showed significantly
reduced E-selectin binding as compared with Th1 cells from
wild-type, CD43/, and PSGL-1/ animals (Figure 5). In the
absence of both major E-selectin ligands PSGL-1 and CD43,
we still observed residual binding to E-selectin in vitro that
could be attributed to minor ligands such as the 100 kDa
detected in the blot rolling assays, and perhaps others,
including glycolipids, previously postulated as candidate
molecules to bind E-selectin (Alon et al., 1995). Treatment of
Th1 cells with the cysteine-protease bromelain (Ritonja et al.,
1989) did not completely eliminate DKO Th1 E-selectin
activity (data not shown), suggesting that minor ligands for
E-selectin on Th1 cells could be glycolipids. Glycolipids run
with the front dye when loaded on an SDS-PAGE gel, and
hence are lost from the gel and not detectable by blot rolling
in any region of the blots corresponding to the supernatant
lacking both PSGL-1 and CD43. Also of interest is the result
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that Th1 cells from CD43/ mice show a small, but
statistically significant, increase in binding to P-selectin.
CD43 could be playing an antiadhesive role regarding to
P-selectin interaction. This enhanced adhesion to P-selectin
by CD43/ T cells could compensate for the loss of its
E-selectin ligand binding activity.
DTH reactions are initiated by antigen and perpetuated
by antigen-specific T cells (Asherson and Ptak, 1968) and
both P- and E-selectin mediate recruitment of Th1 cells into
inflamed tissues (Staite et al., 1996; Austrup et al., 1997).
Our finding that ear swelling and accumulation of
infiltrated T cells, particularly CD4þ T helper cells, in
the inflamed skin are significantly reduced in DKO animals
as compared with wild type demonstrates that both E- and
P-selectin ligands are required for the entry of Th1 cells
into inflamed skin (Figure 6). The absence of one of the
major E-selectin ligands (PSGL-1 or CD43) does not affect
ear swelling or T-cell recruitment. This is in agreement
with the elimination of either P- or E-selectin alone or in
combination described by other authors, which does not
impair ear swelling and T-cell infiltration in response to
oxalazone (Staite et al., 1996). The fact that DKO mice
show diminished recruitment of neutrophils indicates that
both CD43 and PSGL-1 function in neutrophil recruitment
during a DTH response.
In summary, we have shown that CD43 is a functional
E-selectin ligand on Th1 cells in vitro, and the studies of
T-cell migration to inflamed skin suggest that CD43 functions
as an E-selectin ligand in vivo. These data also support the
concept of overlapping functions of CD43 and PSGL-1 in the
E-selectin binding and in the recruitment of cells to a site of
inflammation during a DTH response, suggesting one could
substitute for the other in inflammatory conditions in vivo.
MATERIALS AND METHODS
Generation of PSGL-1/CD43 double-deficient mice
PSGL1 knockout mice (PSGL1/) were generated by gene targeting
(Yang et al., 1999) and provided by Dr Bruce Furie (Beth Israel
Hospital, Boston, Massachusetts). C57/BL6 mice were purchased
from the Jackson Laboratory, Bar Harbor, ME. CD43/ mice also
were generated by gene targeting (Manjunath et al., 1995) and
kindly provided by Dr Hermann Ziltener (University of British
Columbia, BC, Canada). PSGL-1/ mice were intercrossed with
CD43/ mice to generate double heterozygous animals. These
double heterozygous mice were then bred to yield wild-type
controls, CD43/, PSGL-1/, and CD43/PSGL-1 double-deficient
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mice. The genotypes were determined by PCR (see Supplementary
Material). Null mutations were also confirmed by FACS analysis.
DKO mice were viable and fertile. The animals were used at 6–8
weeks of age and were killed by protocols approved by the panel on
Euthanasia of the American Veterinary Association. All mice used in
this study were bred in the pathogen-free facility at the New
Research Building, Harvard Medical School, in accordance with the
guidelines of the Committee of Animal Research Guidelines.
Preparation of T cells and in vitro differentiation toward Th1
and Tc1 cells
Lymph nodes and spleens were removed from killed mice, and cell
suspensions were prepared by passing the tissues through a cell
strainer. CD4þ or CD8þ T cells were purified by positive selection
as described previously (Van Parijs et al., 1998) and more than 95%
of the cells were CD4þ or CD8þ as assessed by flow cytometry.
Details of cell growth and differentiation shown in Supplementary
Material. The Th1 phenotype was confirmed by glycoCD43 FACS
staining and by assaying culture supernatants for IL-4 and IFN-g, as
described previously in our lab (Lim et al., 1999).
Measurement of interactions of Th1 cells with P-selectin and
E-selectin chimera under defined flow conditions
Interactions of Th1 cells with P-selectin- and E-selectin-coated slides
under defined laminar flow conditions were observed in a parallel
plate flow chamber as described previously (Goetz et al., 1996;
Lim et al., 1999). Th1 cells were resuspended in Dulbecco’s
phosphate-buffered saline containing 0.1% (v/v) BSA and 20 mM
N-2-hydroxyethylpiperazine-N’-2-ethanesulfonic acid, pH 7.4, at
371C (5 105 cells/ml) and perfused over murine P-selectin- or
E-selectin-coated coverslips (Goetz et al., 1996). T-cell interactions
with selectins were recorded with a phase contrast objective ( 20)
and a videomicroscopy connected to Videolab software (Ed Marcus
Laboratories, Boston, MA) to record cell behavior. Accumulation of
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Figure 6. DNFB-induced DTH is reduced only in mice unable to express both PSGL-1 and CD43. WT, PSGL-1/, CD43/, and DKO mice were sensitized
with DNFB and challenged on the right ear after 5 days. Left ears were challenged with vehicle only. Ear thickness was measured 24 h later. (a) The difference in
the ear thickness (right ear–left ear) is shown. Data are the mean7SD of two different experiments (n¼ 8 mice per group). P-values are indicated
comparing DKO with WT: **Pp0.01, P40.05 was considered nonsignificant (NS); with PSGL-1/: Pp0.05 (#); or with CD43/: Pp0.05 (!!). (b and c)
Detection of infiltrated cells is shown by detection of CD3, CD4, and MPO in Western blot. Ear tissues from DTH-induced mice were lysed and subjected to
Western blot for CD3 detection (b), MPO, and CD4 detection (c). A typical Western blot is shown for each antigen. The graphs represent numeric values
obtained by densitometry analysis that indicate the relative absorbance of CD3, MPO, and CD4 antigens with respect to b-actin and are the mean7SD of four
different blots of tissue lysates from four different mice challenged in two separate experiments. P-value for DKO versus WT is indicated: *Pp0.05 (d). Ears were
fixed with 10% formalin, mounted in paraffin, and 6mm sections were stained with hematoxylin and eosin for detection of infiltrates. Bar¼ 10 mm,
pictures show original magnification with  4 objective.
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Th1 cells was determined after the initial minute of each flow rate by
counting cells in five different fields.
Reagents
Recombinant mouse E-selectin and mouse P-selectin chimeras and
recombinant murine IL-4 and IL-12 were purchased from R&D
Systems (Minneapolis, MN). Antibodies to mouse IL-4 clone BVD4-
1D11, CD43 activation-associated glycoform clone 1B11, CD3e
chain clone 145-2C11, PSGL-1 clone 2PH1, and CD28 clone 37.51
were purchased from BD Pharmingen (San Diego, CA). sc-7054,
clone M-19, to the carboxy terminus of CD43 was purchased from
Santa Cruz Biotechnology (Santa Cruz, CA). Secondary antibodies
coupled to alkaline phosphatase or peroxidase were from Promega
(Madison, WI) and BD Pharmingen, respectively.
Western blots
The preparation of cell lysates with 1% N-octylglucoside (Roche,
Indianapolis, IN), reducing SDS-PAGE, and Western blotting
techniques were all performed as described previously (Fuhlbrigge
et al., 2002). Protein concentrations were determined with
Bradford’s reagent (Bio-Rad, Hercules, CA).
Immunoprecipitation
Immunoprecipitation protocols were performed as described pre-
viously (Fuhlbrigge et al., 2002). Immunoprecipitation reactions
used anti-PSGL-1 antibody (2PH1) or anti-CD43 glycoform antibody
(1B11) plus anti-CD43 antibody (sc-7054), as indicated. Briefly,
aliquots of lysate from Th1 cells (300–450mg) were incubated with
6mg of 1B11 mAb and 6mg of sc-7054 or with isotype control mAb
and 30–45 ml of protein A-G PLUS Agarose beads (Santa Cruz
Biotechnology) with rotation overnight at 41C. Agarose bead
immune complexes were collected by centrifugation, washed with
1% N-octylglucoside lysis buffer and the process repeated once
more. Each sample was subjected to SDS-PAGE and Western
blotting under standard conditions.
Blot rolling assay (cultures of CHO-E and CHO-P cells)
The blot rolling assay allows for real-time observation of selectin-
mediated interactions with cellular glycoproteins separated by
molecular mass or immunoprecipitated from total cellular lysates
and immobilized on membrane used in Western blot. The parallel
flow chamber system, maintenance, and processing of E- or P-selectin-
transfected CHO cells and use of the blot rolling assay have been
described in detail by Fuhlbrigge et al. (2002) and Hanley et al. (2005).
Antigen-capture assay
Material immunoprecipitated from cellular lysates was applied to
plastic Petri dishes and incubated at 371C for 2 h. The bulk of
immunoprecipitation solution was removed and human serum
albumin was added in phosphate-buffered saline and left over
night at 41C. The spots were rinsed with Hanks’ buffered salt
solution 10 mM N-2-hydroxyethylpiperazine-N’-2-ethanesulfonic
acid supplemented or not with 2 mM Ca2þ or with 5 mM EDTA.
The flow chamber was placed on top of the spot and CHO cells
were loaded in the same manner as described for the blot rolling
assay. Nonspecific interactions were not included in the analysis.
All experiments were observed in real time and videotaped for
analysis.
DTH responses, characterization of leukocyte infiltrates and
histology
Mice were sensitized by topical application of 0.5% DNFB (Sigma-
Aldrich, St Louis, MO) solution in acetone/olive oil (4:1 vol/vol) onto
the shaved abdomen (25 ml) or with vehicle alone (days 0 and 1). On
day 5, the right ears were challenged by topical application of 15 ml
of a 0.25% DNFB on both sides of the ear, whereas the left ears were
treated with vehicle alone. Ear thickness was measured after
24 hours (day 6) using a spring-loaded micrometer (Mitutoyo,
Aurora, IL). The ear swelling was calculated by the difference
between the thickness of right ears (DNFB-treated) compared with
left ears (vehicle-treated).
For the detection and quantification of CD3, CD4, and
myeloperoxidase (MPO), ear tissues from DTH-induced mice were
homogenized after freezing the tissues in liquid nitrogen, and total
protein was extracted. Equal amounts of tissue lysates (50 mg)
were subjected to SDS-PAGE, and Western blot analysis was
performed with antibody 145.2C11 (BD Pharmingen) to detect
CD3, 131922 (R&D Systems) to detect CD4, and H-300 (Santa Cruz
Biotechnology) to detect MPO. Histology was performed on fixed
ears (10% formalin) mounted on paraffin. Sections 6mm in thickness
were stained with hematoxylin and eosin for detection of cell
infiltrates.
Statistical analysis
All results were expressed as the mean7SD unless otherwise stated.
Statistical analyses by analysis of variance followed by the New-
man–Keuls test were performed with GraphPad Prism software and
were considered statistically significant at Pp0.05.
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